Abstract The use of standard methodology allows us to compare and to evaluate the data generated from samplers under general use. In aerobiological pollen monitoring, the most frequently slide sampling methods used are based on the selection of different number of longitudinal or transverse traverses and random fields, which represents a small proportion of the entire slide. The aim of this study is to evaluate possible methodological errors produced when the different pollen count methods are used in relation to the results obtained if the whole slide area was quantified. Moreover, the optimization of the counting method by selecting the best longitudinal or transverses traverses that reflect the more accurate counting in relation to the total pollen obtained when the total tape surface was done. Therefore, 113 slides recorded in 2008 at Ourense (NW Spain) differing in its pollen content, recollected time of the year and representation of the different pollen types were selected in this survey. A comparison between the 4 longitudinal traverses, the 12 transverse traverses, and the 493 random fields methods was evaluated. The average relative error and squared error were calculated for both, longitudinal and transverse traverses and the most accurate lines number for counting were selected. Finally, the three counting techniques were compared and significant differences were detected.
Introduction
In Aerobiology studies, the use of standard methodology allow to compare results obtained in different geographical areas. To have standard methodology and quality control is especially important when working is done in networks. Different aerobiology networks in Europe have been developed in the last decades, supplying the data to the European Aerobiology Network.
Hirst spore traps (Hirst 1952 ) is the most common and standardized device used in order to know the pollen content in the air. The air is sucked at a flow air of 10 L per min and the pollen impacts against a Melinex tape. Usually, the quantity of pollen concentrations is given by means of the lecture of a percentage of the surface of the tape on which the pollen grains were adhered and the result is expressed as pollen by cubic meter of the air. Different lecture methods has been proposed in order to determine the daily mean pollen concentration, being longitudinal traverses, transversal traverses the most frequently used with more than 95 of the European monitoring stations. A third method-random fields is used in a few monitoring stations (Mäkinen 1981; Mandrioli 1990; Emberlin et al. 1994; Galán et al. 2007 ). The percentage of the read surface varies depending on the selected method and the number of traverses or random fields selected. However, standard methods provide a useful measure to compare and evaluate data generated from the samplers under general use and a standardization of the method should be done or at least a measure of the error made with each one should be known. Several surveys to check the distribution of the pollen in the slide and the different error produced by the diverse pollen counting methods have been conducted previously (Kapyla and Penttinen 1981; Comtois et al. 1999; Cariñanos et al. 2000; Tormo et al. 1996; Gottardini et al. 2009 ).
Concern about data quality data led to the establishment of a working group within the European Aerobiology Network (EAN). Recently, recommendation for routinely counting method was issued: four longitudinal or twelve transversal traverses has been proposed as counting method (Newsletter IAA). At European level, more than 95 % of the monitoring stations use the longitudinal or transversal method and only two use the random fields method.
The aims of this paper are to prove whether the distribution of longitudinal and transverse traverses is the same, if not, what are the optimal longitudinal/ transverse traverses and to evaluate possible differences in the results obtained by means of the three counting methods used in aerobiological studies.
Material and methods

Sample and the pollen counting methods
Lectures on 113 aerobiological samples recorded in the year 2008 in Ourense (NW Spain) have been realized. These samples were selected from the Galician Aerobiological Network data base and covering different situations in relation to its pollen content, the representation of the different pollen types and collected time (Tables 1 and 2 ). The samples were recorded by means of a Volumetric spore trap of the Hirst design (Hirst 1952) ; -model LANZONI VPPS 2000. Methodology proposed by the Spanish Aerobiological Network (REA) was utilized (Galán et al. 2007 ). The same spore trap was used to sampling. The recommendations for proper maintenance of the spore trap proposed for the European Aerobiology Society Quality Control Working Group (2011) were taking into account. Total pollen and the quantity of pollen from 13 pollen types (Alnus, Cupressaceae, Fraxinus, Betula, Pinus, Platanus, Populus, Quercus, Olea, Plantago, Poaceaea, Castanea, and Urticaceae) were counted separately in every sample in the total exposed area and following the three most common counting's techniques used in aerobiology: four longitudinal traverses, twelve transverses traverses, and 493 random fields. In order to avoid differences in the field diameter, the same microscope was utilized for counting pollen. The results were noted in the corresponding template. The total exposed area in the Melinex tape is 20 times 48 mm 2 (960 mm 2 ). The 2 mm strip at the beginning and the end of the 7 days tape that is not exposed for a full hour (PanAmerican Aerobiology Association Standardized protocols), and the two upper and lower were also rejected. For this reason, the total examined area under consideration was 14 times 44 mm 2 (616 mm 2 ). The percentage of the area examined in relation to the total area slightly varies according to the method used and being 12,86 when four longitudinal traverses are selected, 12,27 % for 12 transverse traverses and 12.73 % when 493 random fields are selected (Fig. 1 Sheather and Jones (1991) and the smoothing bootstrap method (Martínez-Camblor and Uña-Á lvarez 2012) were applied to test the hypothesis. In order to check whether the pollen distribution for each longitudinal and transverse traverses is the same, we have made the following hypothesis testing We propose, under H 0 , and first select the smoothing parameter by Sheather and Jones (1991) and then (given
followings statistics, to test the null hypothesis (1), are considered (Martínez-Camblor and Uña-Á lvarez 2012):
where n i is the number of data for each longitudinal/transverse traverse, n ¼ P k i¼1 n i , with k the number of longitudinal/transverse traverses,f h i ðtÞ is the density function nonparametric estimation, and f h ðtÞ is the pooled density function nonparametric estimation. 
Selection of the traverse longitudinal/transverse
The mean relative error and mean squared error were the statistical parameters considered for the selection of the four longitudinal and twelve transversal traverses that better fit with the all slide count. In order to obtain optimal longitudinal traverses, we select the traverses that minimizes:
Relative error :
Squared error :
with ði; j; k; lÞ 2 1; 2; . . .; 31; i 6 ¼ j 6 ¼ k 6 ¼ l; T 4 ðÁÞ the estimate of the number of pollen grains daily with 4 longitudinal traverses and T h the number of real daily pollen grains.
As for longitudinal traverses, we select the optimal tranverse traverses that minimizes:
Relative error : 
Comparative counting techniques
The comparison between the results obtained with the three different methods (longitudinal and transversal traverses and random fields) was done by means of the analysis of variance with repeated measures and t-test to paired samples two-by-two, because we do not have the real value obtained in the random fields, we cannot establish which one is the method of the lowest error.
In any case, we tested by means the repeated measures analysis, because the response variable (daily pollen concentration) has been recorded, each day, of different forms. Comprehensive accounts of these methods are given in Davis (2003) . Let y ij denote the daily pollen concentration from slide i and counting techniques j for i ¼ 1; 2; . . .; 113, j = 1, 2, 3. The repeated measure ANOVA model from a single sample is:
with l the overall mean, p i is a random effect for slide i, s j is the fixed effect of counting technique, and ij is a random error. The random effects p i are independent N 0; r 2 p À Á , the random errors ij are independent N 0; r 2 ð Þ, and the random effects and the random error terms are independents. The fixed effects s j are assumed to satisfy the restriction P 3 j¼1 s j ¼ 0. In order to improve the goodness of fit, it was applied to scale logarithmic to the response.
Correlation coefficients were estimated to determinate the linear relationship between the results obtained by means the transverse and longitudinal counting methods.
All statistical treatment was done by means of R free statistical software (2011).
Results
Distribution of the variable number of pollen grains over longitudinal and transversal traverses
The density function nonparametric estimation longitudinal and transversal with smoothing parameter selected by Sheather and Jones (1991) under H 0 described in material and methods is shown in Fig. 2 . Figures 3, 4 show the corresponding density nonparametric estimation under H 1 (all longitudinal traverses and all tranverse traverses). The density nonparametric estimated was not uniform neither for longitudinal not for transverse traverses. Especially for the first four longitudinal traverses, the distribution of pollen grains showed the lowest values. The remaining estimates the shape of the estimated density is apparently type plateau. This is best seen by observing the quartiles of the longitudinal and tranverses traverses (see Fig. 5 ). In the Y-axis is represented the number of pollen grains and in the X-axis the number of the longitudinal or transverse traverses. Observing the quartiles of the longitudinal transects (Fig. 5) , the quartiles curves reflects the different distribution of the pollen captured through the width of the Melinex tape with lowest values at the upper and lower edges of the tape (the most of the values lower than 60 pollen grains corresponding to the first four lines). However, in the case of transverses transects, the distribution reflected in the quartiles reproduces the usual capture model diurnal variation, with the lowest values during the first hours of the day (from 1:00 to 9:00 h), increasing the values thereafter and highest pollen counts in the afternoon. The third quartile is smaller Table 3 shows the corresponding p values obtained using a smoothing bootstrap (Martínez-Camblor and Uña-Á lvarez 2012) and number of bootstrap samples B = 1000 (one thousand). Test results show that the bootstrap p values are close to zero; therefore, the selection of the traverse longitudinal/transverse should not be random.
Selection of the traverse longitudinal/ transverse
The procedure for estimating the amount of pollen grains by slide, based on longitudinal traverses, is usually selected by means for four equidistant traverses Galán et al. (2007) , from the 31 possible, keeping constant thereafter. Figure 6 shows the statistical summary of the average relative errors Sheather and Jones (1991) and square errors when the traverses selection is random and number of traverses increase. We could observed, as expected, that as you increase the number of longitudinal traverses chosen randomly as the average relative error as the mean squared error and will decrease to zero. Similarly results can be Table 4 shows the 4 optimal traverses, selected taking into account the lowest average relative error (L -4 re ) and the lowest average squared error (L -4 se ) respectively, the equally spaced traverses (L -4 eq ) or the usually selected traverses (L -4 us ) used in counting routine. It can be seen that reducing the average relative error is about 45 % (from 12.82 to 7.15 %), and the average squared error is about 74 % (from 1041.85 to 318.29). Table 5 shows the error for the 12 optimal traverses, selected taking into account the lowest average relative error (T -12 re ) and the lowest average squared error (T -12 se ), the equally spaced traverses (T -12 eq ) and the usually selected traverses (T -12 us ) used in counting routine. The average relative error was reduced about 25 % (from 9.35 to 7.23 %) and the average squared error was reduced from 509.6 to 250.4 (more than 50 %).
The average relative error reduction of the selected longitudinal traverses versus selected traverses tranverse is 27 % (from 12.82 to 9.35 %), and the average squared error more than 50 % (from 1041.5 to 509.6). The average relative error increase of optimal L -4 re the four lines pollen count with lowest ARE ; L -4 se the four lines pollen count with lowest ASE; L -4 eq the four equally spaced lines pollen count; L -4 us the four usual lines pollen count; Bold value indicates the lowest ARE and ASE Table 5 As for Table 4 , but for the twelve transverse traverses
ARE (%) ASE
T -12 re {4, 10, 21, 35, 42, 48, 53, 62, 68, 77, 83, 90} 7.23 419.9
T -12 se {5, 17, 25, 27, 42, 44, 53, 61, 70, 81, 88, 96} 8.17 250.4
T -12 eq {1, 9, 18, 27, 36, 45, 53, 62, 71, 80, 89, 98} 12.37 910.6 T -12 us {9, 17, 24, 32, 39, 47, 54, 62, 69, 77, 82, 90} 9.35 509.6 Bold value indicates the lowest ARE and ASE selection of traverses is 1.93 % (from 7.15 to 7.23 %), and the average squared error reduction more than 7.83 (from 271.7 to 250.4).
Comparative counting techniques
Another alternative to counting techniques is to select random fields. In this case, 493 random fields were selected with a percentage of area of 12.73 %, similar but not identical to other two techniques (12.86 and 12.27 % respectively). The p value of the F-test in the repeated measure ANOVA model, in all cases, sphericity not assumed and assumed, was\0.001, then there are differences in mean from counting techniques. In order to compare the three techniques, we have used test-t to paired samples two-by-two. We have obtained the followings p value
with l l , l t , l r mean of daily pollen with longitudinal traverses, tranverse traverses, and random fields. Adjusting the significance level using the Bonferroni method (a = 0.05), it was obtained that l l is different to l t and equal to l r , l t is different to l r . Mean daily pollen concentrations calculated using the obtained pollen counts by means 4 longitudinal traverses, 12 transversal traverses, and the 493 random fields were represented in Fig. 8 . The coefficients between all slide pollen counts and the four or twelve lines pollen counts were higher when the selected lines with the lowest ARE or ASE were considered, both in longitudinal and transversal traverses.
The correlations coefficients between the counted pollen obtained reading the total surface and four longitudinal and twelve transversal sweeps are show in Table 6 .
Discussion
Although diverse surveys to know the pollen distribution in the slide and the different error produced by the different pollen counting method have been previously conducted (Kapyla and Penttinen 1981; Comtois et al. 1999; Cariñanos et al. 2000; Tormo 1996; Gottardini et al. 2009 ), the slides and pollen types number considered in this survey were considerably higher.
Key element in the nonparametric estimation of density function is a reasonable choice of smoothing parameter, but even if the purpose is for comparison of curves. Cao and Van Keilegom (2006) use the empirical likelihood test for comparing two samples via the nonparametric estimation of density function. Under the null hypothesis of the two populations have the same distribution, the authors constructed a density estimator based on the density estimators and sample size of each samples using the same smoothing parameters. The smoothing parameter selection is through an iterated bootstrap procedure that maximizes the power of the test and involves an iterated bootstrap with a high computational load. In Martínez-Camblor and Uña-Á lvarez (2012), different alternatives have been proposed for the smoothing parameter selection for the smooth k-sample test using the distance. However, no optimal solution to the problem of bandwidth choice in smooth test is currently available.
Neither in the transverse sweeps nor in the longitudinal ones the distribution of the pollen grains was uniform in this survey. The unequal distribution of pollen grains through the slide was studied previously by different authors signaling a tendency to diminish pollen counted from the central line to the edge when longitudinal transects are used (Tormo et al. 1996 ; The pollen distribution in the transversal method reproduces the usual pollen diurnal variation with the lowest values registered in the first hours of the day and the highest in the afternoon and decreasing thereafter. In Ourense, the highest daily means pollen concentrations are frequently registered in the last hours of the day delaying the decrease in pollen content until the last hours of the day Aira et al. (2005) .
Daily pollen grains
Hence, due to the need for proper selection of the longitudinal/transverse in the process of counting the number of pollen grains, we must first to test if the distribution of the number of pollen grains over each longitudinal and transversal traverses is the same, in order to choose which traverses should be selected. If the distribution is not the same, a nonrandom mechanism is required.
Secondly, we selected the traverses that minimize two error criteria, the average relative error or average squared error. A reduction of the 45-73 % (longitudinal method) and the 23-50 (transversal method) were, respectively, achieved for both indexes in this survey.
As the same that other previous surveys (Comtois et al. 1999) , our results confirm that the percentage estimation error (%) for the counts obtained for both, longitudinal and transversal transects, in relation to the count in the entire slide, and their variability is in general lower with high pollen counts. Comparing longitudinal and transverse transects, a slight lower values for longitudinal than transversal traverses were detected. Therefore, it should be special care to select in both methods the lecture lines in order to decrease the error and thus improve the accuracy of the results. In this survey, the best four and twelve traverses for longitudinal and transversal methods, respectively, were selected improving the average relative error and the correlation coefficients between the counted pollen obtained reading the total surface and four longitudinal or twelve transversal sweeps (fromq L À 31; ð L À 4 us Þ ¼ 0:993 obtained with the four usual lines selected toq L À 31; L À 4 re ð Þ ¼ 0:995 with the four optimal longitudinal traverses and fromq T À 98; ð T À 12 us Þ ¼ 0:992 toq T À 98; T À 12 re ð Þ ¼ 0:994 obtained for the twelve selected optimal transversal traverses). The theoretical coefficient between all slide longitudinal and transversal pollen counts should be 1,000. However, differences in pollen counts were detected between both values, which can be justified for human error differences when reading is done with different method.
The same coefficient applied to each taxa considering the longitudinal method was higher than 95 % in the most of the taxa, being the highest correlation coefficients obtained for Alnus and the lowest for Populus and Plantago. Both taxa, besides Olea present the lowest pollen counts of the thirteen studied. Similar results were obtained for transversal counting method being again the taxa that exhibit the lowest pollen counts that obtain the lowest correlation coefficients(Plantago and Populus).
According to the method, significant differences were observed when the results obtained by the three methods were compared. Specifically, longitudinal and random methods significantly differ from the transversal method. Differences between transverse and random fields were also noted by Kapyla and Penttinen (1981) .
Conclusions
• Distribution of the variable number of pollen grains over longitudinal and transversal traverses is not uniform.
• The adequate selection of the longitudinal or transversal traverses is the special importance in order to diminish the counting average relative error and average squared error.
• Due to the significant differences observed between longitudinal and transverses methods (the most usually used in the aerobiological survey), a recommendation should be done in order to achieve the standardization of the methods, mainly when the data are used in comparative studies.
